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10 

Cell-Type Specific Gene Transfer Using Retroviral Vectors Containing Antibody- 
Envelope and Wild-Type Envelope-Fusion Proteins" 

15 

Background of the invention 

This application is a continuation-in-part of pending application serial 
20 no. 07/979,619, filed 20 November 1992. 

Field of the Invention 

25 This invention relates to retroviral vector particles having target cell 

specificity. The retroviral vector particles comprise a retroviral vector having a 
chimeric envelope protein consisting of an antigen binding site of an antibody or 
another peptide fused to the envelope protein of the retroviral vector. The antigen 
binding site or the other peptide replaces or disrupts (he natural viral receptor 

30 binding site. The resulting chimeric envelope is referred to as the "targeting 
envelope". This invention relates to retroviral vectors that contain not only the 
targeting envelope but also wild-type envelope protein. The presence of wild-type 
envelope in addition to the targeting envelope acts as a helper molecule by 
supplying a fully functional membrane fusion domain which may be impaired in 

3 5 targeting envelopes. This helper function enables and/or enhances infection of cells 
that do not contain a receptor for the wild-type envelope but do contain a receptor 
for the binding of the targeting molecule. This invention also relates to a method 
for preparing the retroviral particles and for using the retroviral vectors to introduce 
genes into vertebrate cells. 

40 
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Description of the Background 

The disclosures referred to herein to illustrate the background of the 
5 invention and to provide additional detail with respect to its practice are 
incorporated herein by reference. For convenience, the disclosures are referenced 
in the following text and respectively grouped in the appended bibliography. 

Retroviral vectors are the most efficient tools to introduce genes into 
10 vertebrate cells. Clinical experiments have been conducted to use retrovirus vectors 
to cure a genetic disease in humans (adenosine deaminase (ADA) deficiency). 
Besides correcting inborn errors of metabolism, gene therapy is also being tested in 
clinical trials to cure cancer and various other diseases (Science 1992, Vol. 258, pp. 
744-746). 

15 

Retroviral vectors are basically retroviral particles that contain a 
genome in which all viral protein coding sequences have been replaced with the 
gene(s) of interest. As a result, such viruses cannot further replicate after one 
round of infection. Retroviral vector particles are produced by helper cells 

20 (Figure 1). Such helper cells are cell lines that contain plasmid constructs which 
express all retroviral proteins necessary for replication. After transfection of the 
vector genome into such helper cells, the vector genome is encapsidated into virus 
particles (due the presence of specific encapsidation sequences). Virus particles are 
released from the helper cell carrying a genome containing only the gene(s) of 

25 interest (Figure 1). In the last decade, several retroviral vector systems, derived 
from chicken or murine retroviruses, have been developed for the expression of 
various genes (for reviews see Temin, 1987; Gilboa, 1990). 

Retroviral vectors have several limitations. Besides the limited 
30 genome size that can be encapsidated into viral particles, the most limiting factor 
for the application of retroviral vectors is the restricted host range of the vector 
particle. Some retroviruses can only infect cells of one species (ecotropic 
retroviruses) or even only one cell-type of one species (e.g., HIV). Other 

ir 

retroviruses have a very broad host range and can infect many different types of 
35 tissues of many different species (amphotropic retroviruses). 

The initial step of retroviral infection is the binding of the viral 
envelope (env) glycoprotein to specific cell membrane receptors, the nature of 
which is unknown for most retroviruses. However, the interaction of the viral env 
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retroviral proteins necessary to form (a) retroviral core proteins and (b) targeting 
"envelope. B) Helper cells that contain targeting plus wild-type envelope are made 
by transfecting plasmids expressing genes encoding such proteins. After 
transfection of the retroviral vector that has the gene of interest, the retroviral 
5 vector RNA genome is encapsidated into retroviral vector particles displaying the 
envelope. 

Figure 5 is a diagram of a eucaryotic gene expression vector 
constructed. The gene expression vector was derived from a similar vector 
10 described recently (Sheay,W. et al., 1993). 

Figure 6 is a diagram illustrating plasmids expressing spleen necrosis 
virus, SNV, core structure proteins, wild-type envelope proteins, and various 
targeting envelope proteins. 

15 

Summary Of The Invention 

20 The present invention pertains to a retroviral vector particle having 

defined target cell specificity mediated by the nature of the targeting envelope 
which can be a chimeric protein consisting of an antigen binding site of an antibody 
or another peptide that binds to a specific cell surface structure (e.g., the receptor 
binding domain of another virus) fused to carboxy terminal parts of the retroviral 

25 envelope protein. The targeting envelope mediates the first step of retroviral 
infection which is the binding of the virus to a specific cell-surface receptor. The 
present invention also pertains to retroviral particles that contain a wild-type 
envelope in addition to the targeting envelope. The presence of the wild-type 
envelope serves to act as a helper molecule to improve or supplement a functional 

30 membrane fusion domain. Using target cells that do not contain a receptor for the 
wild-type envelope (e.g., SNV is not infectious for human cells), the wild-type 
envelope is only involved in the second step of retroviral infection, which is the 
efficient fusion of the viral and the cellular membranes. The present invention also 
pertains to the construction of retroviral vector particles containing a wild-type 

35 envelope in addition to a targeting envelope which can compensate for the loss of 
infectivity observed with retroviral particles that contain targeting envelopes alone. 

In one embodiment, the present invention pertains to a retroviral 
vector particle having target cell specificity which comprises a retroviral vector 
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protein with the cell surface receptor is very specific and determines cell-type 
specificity of a particular virus (Weiss et al, 1985). The envelope protein of all 
known retroviruses is made up of two associated peptides, (e.g., gp70 and p20(E) 
in SNV). These peptides are derived by proteolytic cleavage from the same 
5 precursor (gPR90env) encoded by the retroviral env gene. One peptide p20(E), 
also termed TM, anchors the protein in the membrane of the virus and, as shown 
with HIV, mediates the fusion of the virus and cell membranes. The second 
peptide gp70, also termed SU, mediates the binding of the vims to its receptor and, 
therefore, determines the host range (Weiss et al., 1985; Varmus and Brown, 
10 1989). 

Data obtained with several retroviruses indicate that the retroviral 
envelope protein forms trimers or tetramers. The formation of trimers appears to 
be mediated by the TM peptide (reviewed in Hunter,E. et al., 1990). Targeting 
15 envelopes retain TM in order to (i) maintain a membrane fusion function and (ii) 
maintain oligomerization. However, since X-ray pictures are not available, it is 
unclear whether or to what degree the construction of targeting-molecules impaired 
the structure of the membrane fusion domain. 

20 

Brief Description Of The Figures 

Figure 1 is a diagram illustrating helper cells expressing retroviral 
25 proteins. A) Helper cells are made by the transfection of plasmids expressing all 
retroviral proteins necessary to form infectious virus particles. B) After 
transfection of the retroviral vector, the vector RNA genome is encapsidated into 
core structures. C) Helper cells that contain a plasmid express a modified envelope 
gene. 

30 

Figure 2 is a diagram illustrating plasmids expressing mutant 
envelope genes of spleen necrosis virus (SNV). 

Figure 3 shows the sequence of the single chain antibody gene (scFv) 
35 against the hapten DNP. 

Figure 4 is a diagram illustrating helper cells expressing targeting 
envelopes plus wild-type envelopes. Such helper cells are made by the transfection 
of plasmids expressing the corresponding proteins. A) A helper cell expressing all 
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having a targeting peptide fused to the envelope protein of the retroviral vector to 
form a targeting envelope, wherein the targeting peptide replaces or disrupts the 
natural viral receptor binding site and the targeting peptide is the antigen binding 
site of an antibody, the receptor binding peptide of another virus, or is a peptide 
that specifically binds to a specific receptor of the target. 

In another embodiment, the present invention pertains to a cell type 
specific method for introducing genes into vertebrate cells using retroviral vectors 
which comprises administering to the cells a retroviral vector particle having target 
cell specificity which comprises a retroviral vector having a targeting peptide fused 
to the envelope protein of the retroviral vector to form a targeting envelope, 
wherein the targeting peptide replaces or disrupts the natural viral receptor binding 
site and the targeting peptide is the antigen binding site of an antibody, the receptor 
binding peptide of another virus, or is a peptide that specifically binds to a specific 
receptor of the target. 

In yet another embodiment, the present invention pertains to a 
method for preparing a retroviral vector particle having target cell specificity which 
comprises a retroviral vector having a targeting peptide fused to the envelope 
protein of the retroviral vector to form a targeting envelope, wherein the targeting 
peptide replaces or disrupts the natural viral receptor binding site and the targeting 
peptide is the antigen binding site of an antibody, the receptor binding peptide of 
another virus, or is a peptide that specifically binds to a specific receptor of the 
target, which comprises the steps of: 

(a) providing a targeting peptide; 

(b) replacing part of the envelope gene coding for the viral receptor 
binding site with the targeting peptide to form a chimeric envelope gene; 

(c) cloning the chimeric envelope gene in a eucaryotic gene 
expression vector; and 

(d) transfecting the chimeric envelope expression plasmid, a 
retroviral core protein expression plasmid, and a selectable marker gene expression 
plasmids into eucaryotic cells. 
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Detailed Description Of The Invention 
Targeting Envelope 

5 

This invention relates to retroviral vector particles having target cell 
specificity. The retroviral vector particles comprise a retroviral vector having a 
chimeric envelope protein consisting of an antigen binding site of an antibody or 
another peptide fused to the envelope protein of the retroviral vector. The antigen 

10 binding site or the other peptide replaces or disrupts the natural viral receptor 
binding site. The resulting chimeric envelope is referred to as the "targeting 
envelope". This invention relates to retroviral vectors that contain not only the 
targeting envelope but also wild-type envelope protein. The presence of wild-type 
envelope in addition to the targeting envelope acts as a helper molecule by 

15 supplying a fully functional membrane fusion domain which may be impaired in 
targeting envelopes. This helper function enables and/or enhances infection of cells 
that do not contain a receptor for the wild-type envelope but do contain a receptor 
for the binding of the targeting molecule. This invention also relates to a method 
for preparing the retroviral particles and for using the retroviral vectors to introduce 

2 0 genes into vertebrate cells. 

To alter the host range of a vector particle, retroviral vector particles 
may be constructed that contain modified envelope proteins that recognize only a 
cell surface structure (receptor) specific for the target cell of interest. Proteins 
25 known to recognize specific structures of proteins are antibody molecules. Hence, 
to make a retroviral vector particle specific for a cell-type of interest, the viral 
receptor binding peptide may be replaced with an antigen binding site of an 
antibody molecule. To test whether vector particles containing such antigen binding 
sites are competent for infection, model systems were developed using an antigen 

3 0 binding peptide of an antibody against the hapten dinitrophenol (DNP) fused to 

envelope gene of spleen necrosis virus (SNV). 

The use of the anti-hapten (anti-DNP) antibody has many 
advantages. (1) The interaction of this antigen with the antibody is well 
35 characterized (Davies and Metzger, 1983). (2) The hapten is easily available. (3) 
A large variety of cells (which cannot be infected with wild-type vector particles) 
can be conjugated with this hapten. DNP conjugated cells bind antibodies directed 
against this hapten. Thus, the hapten may mimic the (abundant) presence of a 
receptor for the chimeric vector particle. (4) Anti-hapten antibodies are frequently 
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internalized by the cell. Thus, in the case, the construction of chimeric envelope 
proteins will destroy the membrane fusion domain of TM, this property may 
compensate for this loss of function. (5) An in vitro binding assay can be easily 
established to test for virus particle formation and binding of such viruses to DNP. 

5 

Wild-Type Envelope 

This invention relates to retroviral particles having a target cell 
specificity. The retroviral vector particles comprise a retroviral vector having a 

10 targeting envelope which mediates the binding of the retroviral vector particle to a 
cell surface receptor of the target cell. This binding is very specific and determines 
the host range and cell-type specificity. The particles also have a wild type 
envelope. Using target cells that do not contain a viable receptor for the wild type 
envelope, the function of the wild-type envelope is only to supply a fully functional 

15 membrane fusion domain. This invention also relates to the method for preparing 
the retroviral vector particles and a method for using the retroviral vectors to 
introduce genes into vertebrate cells. 

Retroviral vectors derived from spleen necrosis virus containing 
20 wild-type envelope alone cannot infect human or hamster cells. In these infectivity 
studies, retroviral particles harvested from DSN cells were used (Dougherty,J.P. 
and Temin,H.M. 1989) to infect human HeLa and Col-1, as well as hamster 
CHTG (ret. 1) cells (Tables 1 and 2). DSN cells are standard retroviral packaging 
cells containing a plasmid expressing the retroviral core proteins and another 
25 plasmid expressing wild-type envelope (Dougherty ,J.P. and Temin,H.M., 1989). 

To introduce genes into such cells using SNV retroviral vector 
particles, two different approaches were made using different targeting envelopes in 
combination with and without additional wild-type envelope. 

30 

1. Targeting of human cancer cells (HeLa and Col-1) with SNV 
retroviral vectors. The antigen binding site of an antibody directed against the 
hapten DNP was used. However, the antigen binding site used in the targeting 
envelope was derived from an antibody (termed B6.2, Bird,R.E. et al., 1988 and 
35 Colcher,D. et al., 1990) directed against a cell-surface protein expressed on various 
human cancers (e.g. HeLa and Col-1 cells, Bird,R.E. et al., 1988 and Colcher,D. 
et al., 1990). The gene constructs (Figure 6) for the expression of the targeting 
envelope are similar to that described above. In particular, in two constructs 
(Figure 6, pTC24 and pTC25), the antibody moiety was fused to exactly the same 
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position of the SNV envelope gene as the anti-DNP antibody described below (for 
"more details, see below: Material and Methods). To test, whether the addition of a 
fully functional membrane fusion domain (provided by wild-type envelope) would 
increase the efficiency of infection, helper cells expressing retroviral core proteins, 
5 wild-type envelope, and the targeting envelope were developed (Figure 4). Virus 
was harvested from such helper cells and subjected to infectivity studies. 

2. Targeting CHTG cells that express a receptor for ecotropic 
murine leukemia virus. To test whether retroviral particles derived from SNV 
10 displaying targeting molecules other than antigen binding sites of an antibody are 
infectious, targeting envelopes were constructed that contained the receptor binding 
peptide of another virus (murine leukemia virus) fused to the envelope of SNV. 
Infectivity of virus particles displaying such targeting envelopes with and without 
wild-type envelope was tested. 

15 

Examples 
Targeting Envelope 

20 

Materials and Methods 
Construction of Antibody-Envelope Fusion Genes 

25 The gene coding for the envelope protein of spleen necrosis virus 

(SNV) does not contain suitable restriction enzyme sites to enable the construction 
of antibody-envelope fusion genes. Thus, point mutations were introduced (by site 
directed mutagenesis) in the SNV env gene at different locations to create restriction 
enzyme recognition sites. For this purpose, the SNV env gene (Hindlll-SacI 

3 0 fragment) was subcloned into pSelect (a vector specifically designed for site 
directed mutagenesis). Restriction sites for enzymes that create blunt ends were 
introduced in such a way that the restriction enzymes cut between two codons. 
Following consistently this strategy, all mutants can be used to create deletions, 
insertions, and fusions in any combination without altering the reading frame. 

35 Further, restriction enzyme sites were nested between regions coding for 
hydrophobic and hydrophilic domains. It was hypothesized that the deletion of a 
certain domain(s) would not interfere with the proper folding of the following 
domain. This hypothesis is based on the finding that many proteins in evolution 
arose by exon shuffling of functional domains. 
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Some mutant envelopes that have been made are shown in Figure 2. 
pSNV-env-mC (Figure 2a) contains a new restriction enzyme site located between a 
hydrophobic and a hydrophilic peptide domain. In this mutant, the change in the 
5 nucleotide sequence does not alter the amino acid sequence. Thus, pSNV-env-mC 
can be considered as a positive control. pSNV-env-mD contains a new restriction 
enzyme site within the cleavage site of the envelope precursor. The introduction of 
the mutation also altered the amino acid sequence destroying the common motive 
found in all cleavage sites of all retroviruses investigated. Thus, it was expected 
10 that the resulting envelope precursor would not be cleaved, and t therefore, would 
not to give rise to infectious virus particles. Mutated env genes were inserted into 
pHB3, a eucaryotic gene expression vector (Figure 2). 

The genes coding for the heavy and the light chain of an antibody 
15 against DNP have been kindly provided by Dr. Ogawa (Scripps Clinic, La Jolla, 
Ca). The genes were sequenced and published (Riley et al.,1986). Using PCR 
technology as described (Whitlow and Filpula, 1990), a single chain antibody gene 
was constructed including the signal peptide against DNP. The PCR product was 
cloned into the Smal site of pBluescript. DNA sequencing confirmed the successful 
20 combination of the two gene segments coding for the variable regions of the antigen 
binding peptide. The complete sequence of the anti-DNP scFv gene is given in 
Figure 3. A SacII (located in the polylinker of pBluescript) to Smal (located in the 
3' PCR primer) fragment was inserted into eucaryotic expression vectors replacing 
amino terminal parts of the envelope gene as follows: in pTC4, the SacII (located 
25 upstream of the ATG codon of the env gene) to Smal fragment of env was replaced 
with the scFv gene; in pTC5 the SacII to the MscI fragment of env was replaced 
with the scFv gene (Figure 2C and 2D, respectively). After cloning, the antibody- 
envelope junctions were sequenced to verify the maintenance of the correct reading 
frame of the chimeric gene. 

30 

In vitro Binding Assays 

The in vitro binding assays were performed in the following maimer. 
DNP was'conjugated to BSA (DNP-BSA was used to raise the initial antibodies 
35 from which the scFv genes have been derived). DNP-BSA was coupled to 
activated Sepharose following the protocol recommended by the supplier (Sigma). 
An Elisa assay with a anti-DNP antibody (kindly provided by Dr. S.Pestka) 
confirmed the successful coupling reaction. 100ml of tissue culture supernatant 
medium was incubated with 50ml of DNP-BSA-Sepharose for 30 minutes at 37 °C. 
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After incubation, the sepharose particles were pelleted by centrifiigation in a 
Qualitron minicentrifiige for 30 seconds. The pellets were rinsed once with PBS. 
The PBS was removed and reverse transcription assays were performed by adding 
the reaction to the sepharose pellet. The reverse transcription assay was done using 
5 standard procedures; incorporation of 32PdTTP into cDNA was determined by 
TCA precipitation as described (Schleif and Wensink, 1981). 

Test for Infectivity 
of Particles Containing Antibody-Envelope Fusion Proteins 

10 

The envelope expression plasmids shown in Figure 2 were 
transfected into D17 cells (a dog osteosarcoma cell-line) in cotransfection with 
pBRl and pJD214HY (Figure 2), plasmids expressing the retroviral core proteins, 
and containing a retroviral vector for the expression of the hygromycin 

15 phosphotransferase gene, respectively (see also Figure 1). Cells were selected for 
hygromycin resistance. After selection for hygromycin resistance, virus was 
harvested from confluent cell cultures and infectivity assays were performed (see 
below). Infected target cells were selected for hygromycin resistance (D17 cells 
were incubated with medium containing 60mg/ml hygromycin, CHO cells with 

20 medium containing 250 mg/ml hygromycin). Hygromycin resistant cell colonies 
indicate infectious virus particles. 

Infectivity assays were performed on D 17 and CHO cells with and 
without conjugated DNP. DNP was conjugated to cells as follows: Cells were 
25 incubated with 500 ml of a solution containing 1.4 mg/ml DNBS (2,4,- 
Dinitrobenzene-sulfonic acid, 2-hydrate, purchased from Kodak) in sodium 
cocodylate buffer (0.25M) for 3 to 5 minutes at room temperature. The 
conjugation reaction was stopped by adding 5 ml of medium to the ceils. 

3 0 Infections of non-conjugated cells were performed in the presence of 

50 mM polybrene using standard protocols. In the case of DNP conjugated cells, 
infection was performed without polybrene. 
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Wild-Type Envelope 

Material and Methods 

5 scA targeting vectors 

To construct a targeting envelope containing the antigen binding site 
of an antibody directed against a cell-surface protein expressed on several human 
tumor cells, the corresponding single chain antibody gene (termed B6.2, Bird,R.E. 
10 et al., 1988 and Colcher,D. et aL, 1990) made for expression in E.coli. was 
modified in the following way: PCR technology was used to amplify the B6.2 scA 
gene using the original E.coli. expression plasmid as template (Bird,R.E. et aL, 
1988 and Colcher,D. et aL, 1990). The primers used had the following sequence: 

15 primer A: 5* GGAGCGCTGACGTCGTGATGACCCAGTC 3' 

primer B: 5' CCTCGCGATCCACCGCCGGAGACTGTGAGAGTGGTGC3' 

The PCR amplification results in a fragment that does not contain the bacterial 
ompA signal sequence and the stop codons present in the original B6.2 gene 

20 (Bird,R.E. et al., 1988 and Colcher,D. et al., 1990). The PCR products were 
cloned into the Smal site of the pBluescript vector (Strata gene) and sequenced to 
verify a correct reading frame. The plasmid was termed pTC9. The B6.2 gene 
was isolated by digesting the pTC9 plasmid with Eco47HI plus Nrul. The 
corresponding restriction enzyme recognition sites have been introduced with the 

25 primers used for PCR amplification. The B6.2 gene (the Eco47m to Nrul 
fragment was cloned into pTC13, a gene expression vector (Figure 5). The 
corresponding vector (termed pTC23) contains the ER transport signal sequence of 
the SNV envelope protein fused to the B6.2 gene to enable transport through the 
endoplasmatic reticulum. The cloning reconstituted the Nrul site at the 3 1 end of 

30 the B6.2 gene. Carboxy terminal parts of the SNV envelope gene were isolated and 
fused to the B.2 gene (Nrul site) to give plasmids pTC24, pTC25, and pTG26 
(Figure 6). Plasmids pTC24 and pTC25 retain exactly the same portions of the 
retroviral envelope as plasmids pTC4 and pTC5 which contain the anti-DNP 
antibody. *In plasmid pTC26, the antibody is fused to codon 168 of the SNV 

35 envelope. 
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Chimeric SNV-MLV targeting envelope 

Targeting envelopes containing the receptor binding peptide of 
another virus were made as follows: the gene segment of ecotropic murine leukemia 
5 virus (a HindlH-Ball fragment comprising almost the complete region coding for 
the SU peptide, including its ER transport signal sequence, Ott,D., and Rein, A. 
1992) was isolated and inserted into the vectors pSNV-env-mC and pSNV-env-mD 
(pSNV-env-mC and pSNV-env-mD was described in Figure 2) replacing the amino 
terminal parts of the SNV envelope gene. The resulting constructs are identical to 
10 plasmids pTC4 and pTC5, respectively, except that the anti-DNP antibody peptide 
(anti-DNP scA) is replaced by the receptor binding peptide of ecoMLV (Figure 6, 
pSNV-MLV-chiC and pSNV-MLV-chi-D, respectively). 

Experimental system 

15 

Briefly, helper cells were made as described above by transfecting 
plasmids expressing retroviral gag-pol proteins, the retroviral targeting envelope, 
and the wild-type envelope into D17 cells in co-transfection with a selectable 
marker to obtain helper cell lines containing targeting envelope only or helper cells 

20 containing both targeting and wild-type envelope. Infectivity assays were 
performed on a variety of different cell-lines which included D17 cells, CHTG-cells 
expressing the ecotropic murine leukemia virus receptor (Albritton,L.M. et al., 
1989) and human HeLa and Col-1 cells. Infectivity was determined with a 
retroviral vector expressing the bacterial beta-galactosidase gene as described 

25 (Mikawa,T. et al.). 

Results 

30 

Targeting Envelope 

In vitro binding assay. The in vitro binding assays showed that only 
cells transfected with pSNV-env-mD produce viral vector particles that contain a 
35 chimeric envelope able to bind DNP (see also Table 1). 

Infectivity studies. The results of the infectivity experiments are 
summarized in Table 1. Vector particles containing wild-type envelope (pSNV- 
env-mC) infected D17 cells with an efficiency of about 105 colony forming units 
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per ml of tissue culture supernatant medium. Such virus particles also infected D17 
cells conjugated with DNP. However, the efficiency of infection was three orders 
of magnitude less than that of calls not conjugated with DNP. This drop in virus 
titer is mainly due to difficulties of selecting DNP conjugated cells with the 
5 antibiotic. It appears that the conjugation reaction makes cells very vulnerable to 
the drug and more than 90% of the cells died two to three days after the 
conjugation reaction. Virus particles with wild-type envelope do not infect CHO 
cells. 

10 The mutation of the cleavage site of the envelope precursor protein 

(SNV-env-mD) completely abolished infectivity. Only one colony was observed in 
D17 cells not conjugated with DNP. This finding coincides with earlier reports that 
mutations in the envelope precursor cleavage site lead to non-infectious virus 
particles. Cells transfected with pTC4 (Figure 2) did not produce vector particles 
15 that were able to infect D17 or CHO cells at significant efficiencies. Cells 
transfected with pTC5 produced virus particles unable to infect D17 or CHO cells. 
However, such particles significantly infected cells conjugated with DNP. 

WUd-Type Envelope 

First, the presence of wild-type envelope in particles displaying an 
antigen binding site against DNP was tested to determine whether there would be an 
increase in the efficiency of infection of cells conjugated with DNP. It was found 
that DNP conjugated HeLa cells could not be infected with vector virus particles 
that contained the wild type envelope alone. However, DNP conjugated cells could 
be infected with anti-DNP displaying retroviral vectors at a very low efficiency. 
The titer measured was about 10 infectious units per ml of tissue culture supernatant 
medium. Virus particles that contained wild-type envelope in addition to the 
targeting anti-DNP envelope infected cells 10 to 30 times more efficiently. This 
data indicate that the presence of wild-type envelope can increase the efficiency of 
infection of targeting vectors. Two additional sets of experiments using other 
targeting molecules were performed to corroborate this finding. 

1. Infectivity studies with virus particles containing antibody- 
35 envelope fusion proteins. D17 cells, HeLa cells and Col-1 cells were infected with 
virus particles displaying an antigen binding site of an antibody (B6.2, Bird,R.E. et 
ah, 1988 and Colcher,D. et al., 1990) directed against a cell surface protein 
expressed on various human carcinoma cells. Vector virus particles were harvested 
from a variety of different helper cell lines (Table 2). All virus particles were 
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carrying a vector transducing the bacterial beta-galactosidase gene. Infectivity was 
determined by staining the cells with X-gal as described (Mikawa,T. et al.)- The 
number of blue cell polonies was determined two to three days after infection. The 
following virus particles were tested for infectivity: virus particles that do not 
5 contain envelope (termed "no env"), virus particles that contain wild-type envelope 
alone (termed wt-env - DSN), virus particles that contain targeting envelopes alone 
which are antibody -envelope fusion proteins (termed TC24, TC25, and TC26 as 
described in Figure 6), and particles that contain wild-type plus targeting envelopes 
(termed TC24+ wt-env, TC25+ wt-env, and TC26+ wt-env). 

10 

Particles that do not contain any envelope were found to be basically 
not infectious. Particles that contain wild-type envelope were infectious only on 
D17 cells which contain a viable receptor for wild-type SNV. The particles were 
not infectious on HeLa cells or Col-1 cells. Particles that contained targeting 

15 envelopes only were infectious on D17 and HeLa cells. The efficiency of infection 
on D17 cells was less than 5% of that of virus containing wild-type envelope. Such 
particles were not infectious on Col-1 cells. The addition of wild-type envelope 
increased efficiency of infection 10 to 50 fold. Further, Col-1 cells that could not 
be infected with particles containing either envelope alone could be infected with 

20 particles containing both wild-type env and targeting env. This data indicates that 
the wild-type envelope adds a function improving or even completely enabling virus 
penetration (Table 2). These data also show that the level of infectivity is 
dependent on the position within the envelope gene at which the antibody is fused to 
the envelope. 

25 

2. Infectivity studies with virus particles containing SNV-MLV- 
fusion proteins. CHTG cells (described in Albritton,L.M. et al M 1989) expressing 
the receptor of ecotropic murine leukemia virus as well as D17 cells were infected 
with virus harvested from cells expressing targeting envelopes (SNV-MLV-chi-C 

3 0 and SNVMLV-chi-D) alone or from helper cells expressing targeting envelope plus 
wildtype envelope. Virus particles were carrying the hygromycin B resistance 
gene. Infected cells were selected for hygromycin resistance and the number of 
hygromycin resistant cell colonies was determined. Retroviral vector particles 
containing the targeting envelope alone were not infectious. The particles became 

35 infectious after wild-type envelope was added to the particles. Particles with 
wild-type envelope alone are not infectious on CHTG cells (Table 3). 
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Discussion 
Targeting Envelope 

5 The data obtained with retroviral particles containing antibody- 

envelope fusion proteins showed that such particles are competent for infection. 
Surprisingly, TC4, a construct that contains the scFv gene fused to env in the 
middle of SU did not give virus particles capable of binding DNP. This may be 
due to an unstable SU-TM complex. This hypothesis is supported by the finding 
10 that such particles failed to bind to DNP-BSA-Sepharose. Low level infectivity of 
such particles on D17 cells may result from unspecific adsorption of virus particles 
containing TM only. Unspecifically adsorbed virus particles (depleted of SU) may 
occasional penetrate the cell. 

15 Cells transfected with pTC5 produce virus particles with chimeric 

envelopes without a functional retroviral membrane fusion domain. This 
assumption is based on the finding that virus particles containing uncleaved 
envelope precursor proteins (SNV-env-mD) are not infectious. However, it is 
known that some antibody molecules are internalized by cells after binding to cell 

20 surface by an unknown mechanism. The data show that such an internalization 
mechanism might be sufficient to allow internalization of the virus particle and the 
consequent establishment of a successful infection. 

Applications of Vector Particles 
25 With Antibody-Envelope Fusion Proteins in Gene Therapy 

In all applications of human gene therapy so far, the cells of interest 
were isolated from the patient, purified from other cell types, and infected in tissue 
culture with retroviral vector particles which were harvested from helper cells. 

30 After expansion of the treated cells in tissue culture, they were re-injected into the 
patient The infection of cells has to be done in vitro, since the retroviral vector 
particles used (derived from amphotropic murine retroviruses) have a broad host 
range. Thus, if injected directly into the blood stream of a patient, such virus 
particles would infect all kinds of tissue. Besides other risks, this treatment would 

35 be inefficient, since the chance that the gene will be delivered to its appropriate 
target cell is very low. 

This clinical gene therapy protocol may be sufficient to obtain insight 
into how efficient and how beneficiary gene therapy will be for the patient. Indeed, 
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the clinical data look very promising (Eglitis, personal communication). However, 
the current clinical protocol is very laborious, time consuming, very costly, and, 
therefore, not suitable for general clinical application. For general clinical 
application, it will be necessary to inject the gene transfer vehicle directly into the 
5 body of the patient. 

The development of a retroviral vector particle that only infects one 
specific cell type, may allow the direct injection of the vector into the patient's 
blood stream. The development of vector particles containing antibody-envelope 
10 chimeras may be the first step towards this goal and may open a new area of 
possible applications of gene therapy in vivo. 

Wild-Type Envelope 

15 Retroviral vector particles which display an antigen binding site of an 

antibody can specifically infect cells that contain a antigen specific for the antibody. 
However, the efficiency of the gene transfer can be low. We hypothesized that the 
fusion of the targeting peptide to the envelope impaired the natural fusion function 
of the envelope which is essential for efficient penetration of the virus. Thus, the 

20 hypothesis that the addition of a wild-type envelope may complement this 
shortcoming was tested. 

New retroviral vector particles containing two different types of 
targeting envelopes were constructed. These targeting envelopes were: (1) fusion 
25 proteins containing the antigen binding site of an antibody fused to various carboxy 
terminal portions of the envelope protein of spleen necrosis virus, SNV; and (2) 
fusion proteins consisting of the receptor binding domain of ecoMLV fused to 
various carboxy terminal portions of the SNV, similar to the antibody envelope 
constructs (Figure 6). 

30 

Targeting envelopes alone are little or not infectious on cells that 
contain a receptor for the targeting envelope. The addition of wild-type envelope to 
particles containing targeting envelopes dramatically increased or even completely 
enabled infectivity on target cells that could hardly or not at all infected with vims 
35 particles containing either envelope alone. This data show that the construction of 
particles containing mixed envelopes dramatically improves the efficiency of gene 
transfer into specific target cells and, therefore, provides a valuable tool to 
introduce genes into specific target cells. 
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This method can be probably be improved by mutating the natural 
receptor binding domain of the wild-type envelope (e.g., by site directed 
mutagenesis). Using a wild-type envelope containing a non-functional receptor 
binding site in mixed envelope retroviral vector particles may enable to also target 
5 cells that contain a receptor for the wildtype envelope without loosing target cell 
specificity. 
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Table 1 

Inf ectivity of Retroviral Vector Particles 
on D17 and CHO Cells With and Without DNP Conjugation* 

5 



Envelope Binding to 
of virus DNP 
particle 


Virus titer (cfu/ml) 
D17 cells D17+DNP 


CHO-DNP 


CHO+DNP 


SNV-env-mC nd 


10 5 


10 2 


0 


0 


SNV-env-mD 


1 


0 


0 


0 


TC4 


10 


0 


0 


1 


TC5 + 


0 


10 2 


0 


10 



* Virus was harvested from tissue culture cells expressing SNV gag-pol and the envelope 
protein indicated in the left column (see also Figure 2). All cells contained pJD2KHY, a 
retroviral vector expressing the hygromycin B phosphotransferase gene. Infected cells were 
selected for hygromycin resistance. The number of hygromycin resistant cell colonies was 
determined two to three weeks after infection (after all cells had died in uninfected control 
plates). DNP binding of vector particles was the determined by measuring reverse transcriptase 
activity bound to DNP-BSA-Sepharose particles. nd: not determined; 0: no hygromycin 
resistant colonies were detected. Virus titers are expressed as colony forming units (cfu) per 
ml of tissue culture supernatant medium. 



15 



20 
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Table 2 

Infectivity of Retroviral Vector Particles Displaying The B6.2 Single Chain 

Antigen Binding Peptide 

5 



Construct 




Titer (CFtl/ml - * 




2a£?-DOl + 
too r 


D17 


HeLa 




no env 


1 


nd 


-* 


wt-env (DSN) 


1,000 


nd 


nd 


TC26 


40 


10 


nd 


TC24 


20 


5 


nd 


TC25 


45 


20 


nd 


TC26 + wt-env 


1,100 


90 


45 


TC24 + wt-env 


10,000 


250 


115 


TC25 + wt-env 


4,000 


100 


55 



Plasmid constructs pTC24, pTC25, and pTC26 were transfected into 017 cells that 
express retroviral core proteins (gag-pol) and the vector pCXL CMikawa,T.) # or into the 
retroviral packaging line DSN also containing the pCXt vector (in co- transection with a 

20 plasmid expressing an antibiotic resistance gene). The pCXL vector transfers the bacterial 

,B-galactosidase (taco gene. Virus was harvested from stable transfected eel I -lines and fresh 
D17 cells, HeLa cells, or Col-1 cells were infected. Two days after infection, cells were 
stained with X-gal. Blue cells indicate infected cells expressing the lecZgene. Virus titers 
are expressed as colony forming units per ml tissue culture supernatant medium harvested from 

25 helper cells (cfulml). 

-* experiment not done. 

nd: no infected cells were detected in infection experiments using a total of 2 ml supernatant 
tissue culture medium. 
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Table 3 

Infectivity of Retroviral Vector Particles Containing Chimeric Envelope 
Proteins of MLV and SNV 

5 



Envelope 

of virus particle 

cells 


D17 cells 


Virus titer (cfu/ml) 
CHTG 


MLY-SNV-chiC 


nd 


nd 


MLV-SNV-chiD 


nd 


nd 


MLV-SNV-chiC 
+ wt SNV 


10 6 


10 3 


MLV-SNV-chiD 
+ wt SNV 


10 6 


10 3 


DSN 


10 5 


nd 



Virus was harvested from tissue culture cells expressing SNV gag-pot and the 
20 envelope protein indicated in the left column (see also Figure 6). All experiments Here 

performed with pJD214HY a retroviral vector transferring the hygromycin resistance gene. Virus 
titers are expressed as hygromycin resistant colony forming units per ml of tissue culture 
supernatant medium. SNV-MLV-chiC+wt SNV and SNV-MLV-chiD+ut SNV are cell lines expressing 
chimeric envelopes of MLV and SNV plus the envelope of wild type (wt) SNV. DSN cells are SNV 
25 based helper cells expressing gag -pot and SNV env from two different plasmid constructs. Virus 

titers are expressed as colony forming units (cfu) per ml of tissue culture supernatant medium, 
nd: no hygromycin resistant colonies were detected using a total of 5ml tissue culture medium. 
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The term "oligonucleotide" as used herein refers to primers, probes, 
oligomer fragments to be detected, oligomer controls, and unlabeled blocking 
oligomers. Oligonucleotide are molecules comprised of two or more 
deoxy ribonucleotides or ribonucleotides. The term "primer" as used herein refers 
5 to an oligonucleotide, preferably an oligodeoxyribonucleotide, either naturally 
occurring such as a purified restriction digest or synthetically produced, which is 
capable of acting as a point of initiation of synthesis when subjected to conditions in 
which synthesis of a primer extension product, which is complementary to a nucleic 
acid strand, is induced, i.e., in the presence of nucleotides, an agent for 

10 polymerization such as a DNA polymerase, and a suitable temperature and pH. 
The primer must be sufficiently long to prime the synthesis of extension products in 
the presence of the polymerization agent. Methods for amplifying and detecting 
nucleic acid sequences by polymerase chain reaction (PCR) are described in detail 
in United States patents no. 4,683,195, 4,683,202, and 4,965,188, which 

15 disclosures are incorporated herein by reference. 

Figure 1 is a diagram illustrating helper cells expressing retroviral 
proteins. A) Helper cells are made by the transfection of plasmids expressing all 
retroviral proteins necessary to form infectious virus particles. One plasmid is 

20 designed to express all core/proteins (expression of gag and pol). The other 
plasmid is designed to express the envelope precursor/protein. Both plasmid 
constructs do not contain retroviral cis/acting sequences for virus replication (e.g., 
encapsidation sequences, a primer binding site etc.). Polyadenylation takes place in 
non/retroviral polyadenylation recognition sequences. B) After transfection of the 

25 retroviral vector, the vector RNA genome is encapsidated into core structures. The 
helper cell is producing retroviral particles that only contain the vector genome with 
the gene(s) of interest. The vector contains all cis/acting sequences for replication. 
Thus, in infected target cells, the vector genome is reverse transcribed and 
integrated into the genome. Due to the lack of retroviral protein coding genes in 

30 the vector genome, no virus particles are produced from infected target cells. C) 
Helper cells that contain a plasmid express a modified envelope gene. The helper 
cell is very similar to that shown above. However, chimeric envelope genes were 
constructed that contain the antigen binding domain of an antibody at the amino 
terminus feed to the carboxy terminus of the envelope gene. Such particles may 

35 only bind to and infect target cells that contain an antigen structure which is 
recognized by the antibody moiety of the chimeric envelope protein. 

Figure 2 is a diagram illustrating plasmids expressing mutant 
envelope genes of spleen necrosis virus (SNV). Genes are expressed from the Rous 
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sarcoma virus promoter (RSV/pro) and polyadenylated within the polyadenylation 
signal of herpes simplex virus thymidine kinase gene (TK/poly(A)). The polylinker 
of pBluescript was inserted between the promoter and the polyadenylation sequence 
to allow the easy cloning of genes into this vector (plasmid sequences that abut the 
5 vector are not shown), a/b) point mutations were introduced into the env gene by 
site directed mutagenesis to create new restriction enzyme recognition sites 
(indicated by an *). All enzymes cut exactly between two codons creating blunt 
ends for easy ligation without shifting the reading frame, c/d) chimeric envelope of 
containing an antigen binding peptide fused to the carboxy terminus of env. e) 
10 pJD214Hy, a retroviral vector used in all studies to test the transfer of genes by 
retroviral vector particles. 

Figure 3 shows the sequence of the single chain antibody gene (scFv) 
against the hapten DNP. 

15 

Figure 4 illustrates retroviral packaging cells. A) A eucaryotic cell 
containing two different plasmids for the production of retroviral vector particle 
proteins. A retroviral vector transfected into such cells and carrying the gene of 
interest is encapsidated by retroviral core proteins. The envelope expression 

20 vectors expresses targeting envelopes (e.g., a antigen binding peptide fused to the 
envelope). Virus particles are produced that infect a target cell only that contains a 
receptor specific for the antigen binding site. The helper shown under B) is similar 
to that shown above except that it also contains a gene expression vector coding for 
the wild-type envelope. Virus particles produced from such helper cells contain 

25 "mixed" envelopes which consist of the targeting envelope and the wild-type 
envelope. Formation of mixed oligomers is possible because both, the targeting as 
well as the wild-type envelope contain a complete TM peptide which mediates the 
formation of oligomers. 

30 Figure 5 illustrates a eucaryotic gene expression vector (pTC13) to 

obtain high level of gene products that contain a ER recognition sequence. The 
vector shown has been derived from a another gene expression vector (termed 
pRD114) which is described in Sheay.W. et al., 1993. The vector shown differs 
from pRD114 in that it contains a gene fragment coding for a ER recognition signal 

35 sequence to enable the transport of proteins through the endoplasmatic reticulum. It 
contains two recognition sites for the restriction enzymes Nrul and StuI which cut 
between two codons downstream of the ER signal sequence coding region. DNA 
fragments coding for any peptide can be inserted into this vector. Translation of 
the inserted gene is terminated by using one of the three stop codons. 
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MLV-U3-pro: promoter and enhancer of murine leukemia vims; Ad. V. leader: 
tripartite leader sequence of adenovirus; SV40 poly (A): polyadenylation signal 
sequence of simian virus 40; 

5 Figure 6 illustrates plasmid vectors expressing targeting envelope 

proteins. The PCR product of the gene coding for the single chain antibody B6.2 (a 
Eco47III to Nrul fragment, see Material and Methods) was cloned into the Nrul site 
of pTC13 (Figure 5) to give plasmid pTC23. Carboxy terminal parts of the SNV 
envelope gene were isolated and cloned into the Nrul site downstream of the B6.2 

10 antibody gene. The resulting targeting antibody-envelope fusion gene of pTC24 
and pTC25 are similar to pTC4 and pTC5. pTC24 and pTC25 retain exactly the 
same amount of SNV envelope as pTC4 and pTC5, respectively. In pTC26 the 
antibody coding genes abuts the envelope coding region at codon 167 of the 
envelope gene. Plasmids pSNV-MLVchiC and pSNV-MLV-chiD are identical to 

15 pTC4 and pTC5, except that the antibody gene is replaced with a gene fragment 
encoding for almost the complete SU peptide of MLV. In these clones the ER 
transport signal sequence (L) is from MLV. MLV-pro: promoter and enhancer of 
murine ieucemia virus; AVtl: tripartite leader sequence of adenovirus; L: ER 
transport signal sequence; B6.2scFV: gene encoding the single chain antibody B6.2; 

20 poly(A) polyadeylation signal sequence of SV40; SU surface peptide coding region 
of the SNV envelope; TM: transmembrane coding region of the SNV envelope; 
RSV: promoter and enhancer of Rous sarcoma virus. 
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Throughout this application, various publications have been 
referenced. The disclosures in these publications are incorporated herein by 
reference in order to more fully describe the state of the art. 

The invention being thus described, it will be obvious that the same 
may be varied in many ways. Such variations are not to be regarded as a departure 
from the spirit and scope of the invention and all such modifications are intended to 
be included within the scope of the following claims. 
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I claim: 

1 . A retroviral vector particle having target cell specificity which 
comprises a retroviral vector having a targeting peptide fused to the envelope 
protein of the retroviral vector to form a targeting envelope, wherein the targeting 
peptide replaces or disrupts the natural viral receptor binding site and the targeting 
peptide is the antigen binding site of an antibody, the receptor binding peptide of 
another virus, or is a peptide that specifically binds to a specific receptor of the 
target. 

2. The retroviral vector particle according to claim 1, wherein the 
retroviral vector particle is spleen necrosis virus (SNV). 

3. The retroviral vector particle according to claim 1, wherein the 
targeting peptide is a single chain antibody against the hapten dinitrophenol (anti- 
DNP-scFv). 

4. The retroviral vector particle according to claim 1, wherein the 
targeting peptide is an antigen binding site directed against a cell-surface protein of 
the target cell. 

5. The retroviral vector particle according to claim 1, wherein the 
targeting peptide is the receptor binding peptide of another virus. 

6. The retroviral vector particle according to claim 1, wherein the 
retroviral vector comprises a targeting envelope and a wild-type envelope. 

7. The retroviral vector particle according to claim 6, wherein the 
wild-type envelope is derived from spleen necrosis virus (SNV). 

8. A cell type specific method for introducing genes into vertebrate 
cells using retroviral vectors which comprises administering to the cells a retroviral 
vector particle having target cell specificity which comprises a retroviral vector 
having a targeting peptide fused to the envelope protein of the retroviral vector to 
form a targeting envelope, wherein the targeting peptide replaces or disrupts the 
natural viral receptor binding site and the targeting peptide is the antigen binding 
site of an antibody, the receptor binding peptide of another virus, or is a peptide 
that specifically binds to a specific receptor of the target. 
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9. The method according to claim 8, wherein the retroviral vector 
particle is spleen necrosis virus (SNV). 

10. The method according to claim 8, wherein the targeting peptide 
5 is a single chain antibody against the hapten dinitrophenol (anti-DNP-scFv). 

11. The method according to claim 8, wherein the targeting peptide 
is an antigen binding site directed against a cell-surface protein of the target cell. 

10 12. The method according to claim 8, wherein the targeting peptide 

is the receptor binding peptide of another virus. 

13. The method according to claim 8, wherein the retroviral vector 
comprises a targeting envelope and a wild-type envelope. 

15 

14. The method according to claim 13, wherein the wild-type 
envelope is derived from spleen necrosis virus (SNV). 

15. A method for preparing a retroviral vector particle having target 
20 cell specificity which comprises a retroviral vector having a targeting peptide fused 

to the envelope protein of the retroviral vector to form a targeting envelope, 
wherein the targeting peptide replaces or disrupts the natural viral receptor binding 
site and the targeting peptide is the antigen binding site of an antibody, the receptor 
binding peptide of another vims, or is a peptide that specifically binds to a specific 
25 receptor of the target, which comprises the steps of: 

(a) providing a targeting peptide; 

(b) replacing part of the envelope gene coding for the viral receptor 
binding site with the targeting peptide to form a chimeric envelope gene; 

(c) cloning the chimeric envelope gene in a eucaryotic gene 
3 0 expression vector; and 

(d) transfecting the chimeric envelope expression plasmid, a 
retroviral core protein expression plasmid, and a selectable marker gene expression 
plasmids into eucaryotic cells. 

35 16. The method according to claim 15, wherein the retroviral vector 

particle is spleen necrosis virus (SNV). 

17. The method according to claim 15, wherein the targeting peptide 
is a single chain antibody against the hapten dinitrophenol (anti-DNP-scFv). 
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18. The method according to claim 15, wherein the targeting peptide 
is an antigen binding site directed against a cell-surface protein of the target cell. 

19. The method according to claim 15, wherein the targeting peptide 
is the receptor binding peptide of another virus. 

20. The method according to claim 15, wherein the retroviral vector 
comprises a targeting envelope and a wild-type envelope. 

21. The method according to claim 20, wherein the wild-type 
envelope is derived from spleen necrosis virus (SNV). 
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FIGURE 2 
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.FIGURE 3 



DNA sequence anliDNP-scFv 036 b.p. complete sequence 



ACTGGAGGCT GATTTTTCAA GAAAGGGGTT GTAGCCTAAA AGATGATGGT 
GTTAAGTCTT CTGTACCTCT TGACAGCCCT TCCGGGTATC CTGTCAGAGG 
TGCAGCTTCA GGAGTCAGGA CCTAGCCTCG TGAAACCTTC TCTGACTCTG 
TCCCTCACCT GTTCTGTCAC TGGCGACTCC ATCACCAGTG GTTACTGGAA 
CTGGATCCGG AAATTCCCAG GGAATAAACT TGAGTACATG GGGTACATAA 
GCTACAGTGG TAGCACTTAC TACAATCCAT CTCTCAAAAG TCGAATCTCC 
ATCACTCGAG ACACATCCAA GAACCAGTAC TACCTGCAGT TGAATTCTGT 

GACTACTGAG G AC AC AG CCA CATATTACTG TGCAAGATAT GGTGGTAACT 
ATGCTATGGA GTACTGGGGT CAAGGAACCT CAGTCACCGT CTCCTCAGGA 
GGTGGCGGTA CAGGTGGCGG AGGTACAGGC GGAGGTGGTA GAATTGTGAT 
GACACAGTCT CC'ATCCTCCC TGGCTATGTC AGTAGGACAG AAGGTCACTA 
TGAGCTGCAA GTCCAGTCAG AGCCTTTTAA ATAGTAGCAA TCAAAAGAAC 
TATTTGGCCT GGTACCAGCA GAAACCAGGA CAGTCTCCTA AACTTCTGGT 
ATACTTTGCA TCCACTAGGG AATCTGGGGT CCCTGATCGC TTCATAGGCA 
GTGGATCTGG GACAGATTTC ACTCTTACCA TCAGCAGTGT GCAGGCTGAA 

GACCTGGCAG ATTACTTCTG TCAGCAACAT TATAGCACTC CGTGGACGTT 
CGGTGGAGGC ACCAAGCTGG AAATCAAACG GGCTGA 

// 
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FIGURE 4 
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F I C U II E 5 
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